.
Language processing depends on other cognitive functions such as attention, memory, executive functions and visuospatial abilities, which act as supportive systems. On the other hand, much of human`s thinking pattern rely on language itself, which renders it to be a critical function in reasoning, abstract thinking, and problem solving. It is well established that language and other cognitive functions are interrelated, and researchers' efforts are currently focused on searching for evidence on how and to what degree the different cognitive domains are recruited to interact with each other, as well as on the impact of a particular cognitive function impairment in other functions 2 . One factor that permeates this interrelation between cognitive functions is the overlap of anatomical sites affected in vascular lesions, because the same brain region can be simultaneously required to participate in different cognitive functions 3 . Most neuropsychological tests used to assess aphasics' performance in non-linguistic tasks depend on verbal expression, and therefore, have proven to be unsuitable, especially in severe aphasia 4 . In recent years, the concept of vascular cognitive impairment has gained much attention in the literature, as it proposes a new framework for establishing the relationship between cerebrovascular disease and cognitive decline, which encompasses a spectrum varying from various forms of vascular mild cognitive impairment (VaMCI) to vascular dementia (VD). Aphasia may hamper an accurate appraisal of general cognitive abilities due to the difficulties in performing a reliable neuropsychological evaluation in this population. This, in turn, may lead to misclassification of patients as possible VaMCI / VD instead of probable VaMCI / VD if there is not documented evidence of normal cognitive function prior to the onset of aphasia 5 . In fact, there is a tendency toward excluding aphasic patients in studies addressing cognitive outcome in stroke patients 6 . The heterogeneity of response in patients with the same degree of aphasia under similar therapeutic interventions has raised the question about the role of other cognitive functions in this variability. Nicholas 7 have found poorer performance when training alternative communication in aphasics who presented executive dysfunction, and Fillingham et al. 8 reported that episodic and working memory, as well as reasoning impairments affected aphasics' performance during anomia therapy. These studies point to the importance of the assessment of cognitive functions in aphasic patients in order to optimize the therapeutic efforts.
Although the notion that aphasia constitutes a major obstacle to an adequate neuropsychological evaluation is considered "common sense", very few studies addressed this issue objectively in order to investigate which abilities are more compromised and to quantify this impairment. A survey on PuBMed database using the terms: "aphasia" and "neuropsychological assessment" returned 61 papers (back to 1977), only one addressing cognitive evaluation of aphasic patients; "aphasia" and "neuropsychological tests" returned 1844 papers (back to 1975), only 21 addressing the subject; "aphasia" and "cognition" or "cognitive assessment" returned 1617 papers (back to 1949), only 17 addressing the subject; finally, "aphasia" and "cognitive tests" returned 752 papers (back to 1967), only 12 addressing the subject. After excluding papers in duplicate, we reached the total number of 33 studies addressing cognitive functions in aphasia due to stroke in a period of over 60 years. Also, to the best of our knowledge, there are not similar studies conducted in Brazil. Data driven from these studies display a very heterogeneous profile in performance for aphasics; this is due mainly to methodological bias, as the criteria for patients' enrollment have dramatically changed over decades, as a result of advances in neuroimaging diagnosis. But, in general, aphasic patients tend to perform poorly in attention, executive functions, working memory and verbal memory tasks, with a great deal of dispersion that can be attributed to type and severity of aphasia 9 . Considering the difficulties in the cognitive evaluation of aphasic patients and the clinical implications for diagnosis and rehabilitation, a better understanding of the cognitive profile of aphasic patients is warranted.
The present study aimed to: a) evaluate the performance of aphasic patients in cognitive tasks (attention, verbal memory, non-verbal memory, executive functions, visuospatial skills); b) compare the performance of aphasic and non-aphasic stroke patients in the mentioned tasks; and c) correlate the performance of aphasic patients in cognitive tasks with aphasia severity and time elapsed from stroke.
metHoD Participants
Forty-seven individuals over 18 years old, with diagnosis of first stroke episode confirmed by CT brain scan were enrolled in the study. Patients were recruited from an outpatient service at a university hospital, as part of the "Stroke Morbidity and Mortality Study" 1 (EMMA -Estudo da Morbidade e Mortalidade do Acidente Vascular Encefálico), a epidemiological surveillance study of cerebrovascular disease in progress at the institution. The minimum time interval between stroke occurrence and enrollment in the study was two months.
Individuals who presented previous strokes, previous or current history of drug abuse (including alcohol), current use of drugs affecting the Central Nervous System in doses that could impair cognitive performance, previous history of neurological and / or psychiatric disorders that could hamper cognitive performance or communication (such as epilepsy, schizophrenia, depression, severe brain trauma, dementia), and non-correctible visual / auditory deficits that could interfere with the evaluation were excluded from the study. From an original cohort of 466 patients, only 47 fully satisfied all the inclusion criteria. The main causes for non-enrollment were: previous stroke (130 patients), stroke not confirmed by neuroimaging (85), death (83), and schooling below 2 years (45). All patients signed a consent form prior to the enrollment in the study. The study was approved by the ethics committee of the institution where it was performed.
materials and procedures
Participants underwent the following battery of tests and questionnaires: Boston Diagnostic Aphasia Examination (BDAE) 10 , Gesture Praxis Protocol (BDAE) 10 12 , Digit Span ( forward and backwards) 13 , Visual Memory (BCB-Edu) 14 , the Clock-Drawing Test (CDT) 15 , and FAS-COWA. Depressive symptoms were evaluated through the Hamilton Rating Depression Scale 21-item version (HRDS-21) 16 , with a cut off score of 7. Handedness was evaluated through the Edinburgh Inventory 17 . Quality of life of aphasic subjects was assessed by the Stroke and Aphasia Quality of Life Scale-39 (SAQOL-39), a scale that measures the perception of quality of life in four domains: Physical, Psychosocial, Communication, and Energy . We sought for tests that are well known in the literature, as well as those for which normative data in the Brazilian population is available.
, Trail Making
According to the results obtained in the BDAE and BNT (see Appendix 1), participants were classified as aphasics (n = 21) and non-aphasics (n = 26). The distribution of patients according to aphasia type was as follows: global aphasia (n = 5); Broca`s aphasia (n = 3); transcortical motor aphasia (n = 1); Wernicke's aphasia (n = 3); transcortical sensory aphasia (n = 3); conduction aphasia (n = 1); anomic aphasia (n = 2); mixed transcortical aphasia (n = 3).
Patients were examined by a speech therapist with expertise in Neurolinguistics. Evaluation sessions lasted two hours, in average. More than one session was scheduled when the participant demonstrated or reported fatigue, so we were able to obtain the subject's best performance.
To compare the performance on cognitive tests, our sample was divided into three groups: aphasics (n = 21), non-aphasics with left hemisphere (LH) lesion (NAph L, n = 17) and non-aphasic with right hemisphere (RH) lesion (NAph R, n = 9). This comparison aimed to estimate the effect of the lesion side and of the presence of aphasia in the participants' performance.
Continuous variables (which presented a non-gaussian distribution) were compared among the three groups by the non-parametric Kruskall-Wallis test, and multiple comparisons were carried out when appropriate, using the Dunn's post-hoc test. To compare the frequency of distribution of categorical variables, we used the Fisher´s Exact Test and Chi-square test for independent samples. Spearman's correlation was employed to verify the relation between severity of aphasia and time elapsed from stroke onset and the performance of aphasics in all non-linguistic cognitive tasks. Aphasia severity was measured using the Aphasia Severity Scale, from the BDAE, with a score varying from 0 to 5 (the higher the score, the milder the aphasia). The statistical analysis was performed using the software MedCalc® for Windows version 10.0. A significance level (p) of 0.05 was adopted for all tests.
resuLts
The groups were matched by age, education and time between the stroke and evaluation, and the homogeneity of the sample is presented in Table 1 . There was a statistically significant difference between groups in the HRSD-21, with a higher frequency of depressive symptoms among aphasics. The most common neurological impairment was hemiparesis (observed in 76% of aphasics, 53% of non-aphasics with LH lesion, and 33% of non-aphasics with RH lesions) followed by hypoesthesia (observed in 52% of aphasics, 18% of non-aphasics with LH lesion, and 33% of non-aphasics with RH lesions). A description of lesion sites for aphasics and non-aphasics is provided in Appendix 2.
Aphasics had poorer performance than non-aphasics in the Digit Span ( forward and backwards), Word List Memory, Visual Memory, Constructional Praxis Recall, CDT, FAS-COWA), and Gesture Praxis. There were not significant differences in the performance of aphasic and non-aphasic patients in the Visual Cancellation Test and in the TMT (A and B), although there was a trend for a worse performance of LH damaged and aphasic patients. In the Word Recognition task, LH damaged (both aphasic and non-aphasic) performed poorer than RH damaged patients (Table 2) . Aphasia severity correlated with scores in the TMT part B (r = -0.917, p = 0.004), Digit Span forward (r = 0.860, p < 0.001) and backwards (r = 0.543, p = 0.01), and Gesture Praxis (r = 0.668, p = 0.002). Time elapsed from stroke onset did not correlate with any measures of cognitive function.
DIsCussIoN
Impairment in cognitive tasks in aphasic patients has been systematically described in the literature for decades 20 .
In 2002, Helm-Estabrooks 9 systematized the approach to cognitive deficits in aphasic patients, proposing a new instrument to assess five main domains in this population. Ever since, most papers have put in evidence the interrelation between language and attention, executive functions, memory, and visuospatial skills as a two-way street where language is affected by impairment in any other function and vice-versa. Such approach aims to provide optimization of rehabilitation efforts, which must consider the global cognitive status of the patient. Seniów et al. 21 described visuospatial memory and abstract thinking deficits in aphasics, with great heterogeneity in performance.
In the TMT, assessing selective attention, speed of perceptual processing and mental flexibility, performance was found to be below normal for all groups, especially in Part B. Only seven aphasics were able to perform the test; fourteen patients had impeding right hemiparesis. Therefore, our results are not to be considered representative of cognitive impairment per se in the aphasic group, and this test may be considered as a non-suitable method for evaluating LH damaged and aphasic patients.
Aphasic patients performed poorer than non-aphasic in the Digit Span test (both forward and backwards), which assesses attention, working memory, and mental control. Although this task requires verbal output, there was no time limit to perform it; even in these conditions, aphasic patients displayed a much worse performance. De Renzi and Nichelle 22 described the same finding, which is now thought to reflect a deficit in the phonological loop (the verbal component of working memory 23 . Table 2 . Performance of Aphasics and non-Aphasics in cognitive tasks. Attention has been extensively studied in aphasic patients in the recent years, as attentional deficits may impair auditory comprehension (i.e., comprehension of single words) as well as sentence comprehension and production 4, 24 . Most previous studies tended to focus on a specific attention ability (i.e., sustained, selective, divided attention, and so on) or modality (auditory, visual), and therefore results tend to be quite inconsistent. Korda and Douglas 25 compared aphasics' and normal subjects' performance in a sustained attention task reporting only an increasing in reaction time for both groups. Helm-Estabrooks 9 found preserved visual discrimination and attention in a group of aphasics. Kalbe et al. 4 reported that aphasic patients performed poorly in at least one of the three cognitive functions assessed in their study (memory, attention and reasoning). Murray 2 also reported attentional deficits in aphasic patients, and correlated those deficits with language and other cognitive functions, with implications for rehabilitation strategies. Hinckley et al. 26 described impairment of attention in aphasic patients, including poor performance in the Visual Cancellation Test. We found a trend to a poorer performance of patients with LH damage in this task, more pronounced in the aphasic group. However, attention is a complex function encompassing several abilities, and the relations between distinct attention functions and language are yet to be understood.
Verbal fluency tasks demand intact executive functioning as well as semantic storage. As would be expected, aphasic patients performed poorer in phonological fluency as a result of difficulties in speech initiation and production, and semantic impoverishment. Impairment in the lexical-semantic processing in the LH lesions is well described, but there is evidence of impairment in this process also in RH lesions 27 . In the Constructional Praxis task, all groups presented poor performance, but there was no disadvantage for the aphasic group. Only the CDT (which poses greater executive demand) differentiated aphasics from non-aphasics. Helm-Estabrooks 9 found greater difficulty of aphasic subjects in performing the tasks proposed in the CLQT
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, which increased proportionally to executive functioning demands. The author concludes that executive functions are the second most affected cognitive abilities in brain damage associated with aphasia (aside from language itself). Hinckley et al.
26
, seeking for evidence about executive functions interference in aphasia therapy, described a delay of aphasics to fulfill the criteria to initiate formal language therapy.
In the Word List memory task, which assesses verbal memory, aphasics had a performance below normal in immediate and delayed recall tasks, while NAph L and NAph R groups showed normal performance. De Renzi and Nichelli 22 reported LH damaged patients to perform poorer in short-term memory tasks (verbal and non-verbal), with aphasic patients exhibiting greater impairment than non-aphasics. Verbal memory impairment in aphasics is currently considered to be due to phonological loop deficit, which hampers the ability to retrieve verbal encoded material 23 . However, aphasic patients showed improvement of performance in the word recognition task when compared to spontaneous recall, which shows a relatively preserved capacity of encoding information, suggesting also the interference of organizational spontaneous searching strategies difficulties.
In the Visual Memory task, aphasics performed poorer than non-aphasics in all subtasks, except for recognition, a finding previously published 28 . The improved performance in the Recognition task suggests a relative preservation of nonverbal encoding with deficit in retrieval strategies, similar to that observed for verbal stimuli. Verbal encoding is used for storing visual as well as verbal information, and subvocal rehearsal is one of the mechanisms by which material stored in the visuospatial sketch gains access to the phonological output buffer 23 . Regarding Gesture Praxis, ideomotor apraxia, speech apraxia, and orofacial apraxia are well known to frequently occur in association with aphasia. In our sample, there was improvement in aphasics' performance on imitation for natural gestures, conventional gestures, use of functional objects, and orofacial praxis (raw data not shown). This improvement occurred in 78%, 68%, 65%, and 50% of aphasic patients, respectively for each of the aforementioned task, and it might be related to the presence of dissociative apraxia, in which the conceptual system for action (the stored knowledge of actions) and the action production system (sensorimotor programmes) are preserved, but cannot be accessed by verbal command 29 .
Aphasics show great heterogeneity in performance on cognitive tasks 9 . The interference of hemiparesis and the difficulties of verbal production are factors that pose an additional burden in this group of patients. In tasks with greater motor requirements, such as the TMT, which depends on motor speed is an additional obstacle to these patients. The same holds true for tasks relying mostly on verbal output.
The linguistic-cognitive interrelation is evidenced by the correlations found between severity of aphasia (which is related to lesion size 30 ) and the subjects' performance in the TMT (Part B), Digit Span, and Gesture Praxis Test, where the performance was inversely proportional to the severity of aphasia; there is a large overlapping of fronto-parietal networks for language, attentional-executive, praxis, and motor functions) rather than for memory or visuospatial tasks (in which there is participation of mesial temporal and right hemisphere structures). This methodological difficulty is unlikely to be overcome in clinical studies as strokes are distributed according to the vascular anatomy and not according to the underlying cognitive circuits. Studies enrolling a greater number of cases, which allow the comparison of groups according to more specific and isolated cerebral lesions (e.g. frontal, parietal) are warranted and might contribute to the understanding of the co-dependence between language and other cognitive functions. Likewise, the comparison of groups according to the type of aphasia would allow a better understanding of the impact that specific changes in verbal production and comprehension exert on the performance of aphasic subjects.
Limitations of our study are the small number of subjects in the sample, the heterogeneity of vascular lesions and clinical types of aphasia, as well as the need for verbal response in most non-linguistic cognitive tests. Right hemiparesis may also account for the poorer performance of aphasic patients, although it is true only for those tasks that require drawing (e.g., Visual Cancellation Test, TMT A and B, Constructional Praxis, and CDT).
One of the challenges faced by clinicians and rehabilitation professionals working with aphasics is how to perform a reliable cognitive assessment to identify which functions are preserved and which are impaired. Such knowledge can directly influence the choice of the most appropriate therapeutic intervention for each patient. For this reason, specific batteries have been developed in order to assess cognitive functions in aphasic patients, such as the CLQT 18 , and the Aphasia Check List (ACL) 2 , the latter designed for patients with severe aphasia. However, these batteries are not yet regularly used in the assessment of Brazilian Portuguese speakers. The lack of appropriate instruments to evaluate aphasics can lead them to be regarded as VCI or even VD, and vice-versa, as many clinicians tend to be overly lenient and never submit these patients to a thorough cognitive evaluation due to their language impairment.
In conclusion, our study contributes to the understanding of Brazilian aphasics' pattern of performance in cognitive functions. Moreover, this study reinforces the need to develop and/or validate specific instruments for the assessment of cognitive abilities in aphasic subjects in Brazil. 
